Many proper and improper ferroelastic materials display (at sufficiently low measurement frequencies) a huge elastic softening below T c . This giant elastic softening, which can be suppressed with uniaxial stress, is caused by domain wall motion. Here we shortly review our results on frequency and temperature dependent elastic measurements of some perovskites which exhibit improper ferroelastic phase transitions. We also present a new model -based on Landau-Ginzburg theory including long range interaction of needle shaped ferroelastic domains -which describes superelastic softening observed in some of the perovskite systems very well. We also show, how the theory can be extended to describe proper ferroelastic materials and apply the theory to describe the elastic behaviour of the proper ferroelastic material La 1-x Nd x P 5 O 14 (LNPP).
Introduction
Ferroelastic materials are an important subset of ferroic materials 1, 2 . Depending on the type of coupling between the primary order parameter η and the strain variables ε i (i=1,..,6
in Voight notation) the ferroelastic state can be classified as proper, pseudo proper, improper or co-elastic 3 .
Very often ferroelastic materials consist of a large number of elastic domains which are separated by domain boundaries. Due to mechanical compatibility between adjacent domains ferroelastic domain walls are generally well oriented and planar. However, very often needle or dagger shaped domains appear 3 as will be discussed in some detail below. In the presence of an applied external stress these domain boundaries can move, which can drastically influence the macroscopic elastic properties of the material.
Understanding the macroscopic behaviour of multidomain crystals is important for technological applications as well as for a better understanding of the seismic properties of our earth. E.g. domain wall motion may well influence the low frequency elastic and anelastic behaviour of mantle minerals at seismic frequencies (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) (20) .
In recent years we have performed low frequency (0.1 Hz -100 Hz) elastic measurements in quite a number of perovskite structured materials (SrTiO 3 , KMnF 3 , etc.), measuring usually a huge softening in the low symmetry improper ferroelastic phases 4, 5, 6 . Very similar results have been obtained for LaAlO 3 7 and Sr 18 and compare them with the multidomain elastic behaviour of proper ferroelastics, which turns out to be very different.
Experimental
For the low frequency elastic measurements a Dynamical Mechanical Analyzer (DMA7-Perkin Elmer) is used. The samples are exposed to a given static force or the three-point bending (TPB) method (see Fig.1 ). In PPS geometry the complex Young's modulus in the direction r q of the applied force Y*(
as:
where h and A represent the sample thickness and area, respectively. In our studies we used samples with typical dimensions: A ≈ 1-4 mm 2 and h ≈ 3-5 mm.
In TPB geometry -where r p is perpendicular to the applied force and pointing along the long axis of the sample bar -one gets
In this geometry one usually uses thin bars of h ≈ 0.2-0.5 mm, L > 5 mm and b ≈ 2 mm.
The absolute accuracy of such measurements is usually not better than 20%, whereas the relative accuracy of the DMA method is within 0.2-1%. For more details of the method and its application to phase transitions, glass freezing, etc. see e.g. 19, 20 . 
It should be mentioned that since the temperature dependencies of the order parameters for SrTiO 3 , KMnF 3 25 and LaAlO 3 26 have been measured very accurately, there is no freedom in the fitting procedure using Eq.(3). In the following we will show, how Eq.(3) -which was at first empirically found for SrTiO 3 5 -can be justified by a theoretical model.
Inspecting the real domain structure of the considered perovskites one finds, that they all show a similar domain pattern in the improper ferroelastic phase, i.e. rather long needle shaped domains, oriented in prominent directions due to mechanical compatibility between adjacent ferroelastic domains (Fig.2) . The origin and physical properties of such needle shaped domains were subjects of many studies 27, 28, 29, 30, 31, 32, 33 . One possibility to understand the origin of needle shaped domains is as follows: Due to the appearance of a spontaneous strain ε s in the ferroelastic phase the angle φ between equivalent domain walls can change to φ ± ε s (Fig.3) . The corresponding lattice mismatch can be described by wedge disclinations located at the domain wall intersections. Around the left corner of Fig.3 there is excess of matter, whereas on the right side lack of matter appears, which implies, that the two corners (indicated as + and -) attract each other, until they form a needle tip. These needle tips deviate from the coherent domain wall orientation, which then can be described by the appearance of dislocations. For rare-earth monoclinic sesquioxides In a beautiful work Torrés, et al. 35 have investigated the interactions between ferroelastic domain walls using dislocation theory. They have shown, that needle shaped domains can be described by an effective elastic dipole, which produces long range stresses, that can stabilize an array of ferroelastic domains.
In the following we will use the corresponding free energy to calculate the elastic susceptibility of a multidomain crystal. In response to an appropriate applied external 
This relation is very similar to the one obtained for the contribution of ferroelectric domains to the dielectric permittivity 12 where ε s is replaced by the spontaneous polarization P s .
However, since the presently considered perovskites are improper ferroelastic where 
Proper or pseudo-proper ferroelastic phase transitions
In principle Eq. (7) should work also for proper, as well as for pseudo-proper ferroelastic phase transitions. However, in contrast to improper ferroelastic phase transitions for the proper (or pseudo-proper) case, the spontaneous strain is the primary order parameter,
i.e. ε s ≡η (or bilinearly coupled to the primary order parameter, i.e. ε s ∝η). As a result the temperature dependencies of ε s 2 and w 2 cancel each other in Eq. (7) 
Conclusions
We have studied the influence of domain wall motion to the elastic susceptibilities of 
